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IT) 

o 




50.0nm 



5600 [%C] +95 [%Si] +50 [%Mn] +37 [%AI] 
d : (nun) 



+435 



(57) Abstract: A non-oriented magnetic steel 
sheet which comprises in mass %, as chemical 
components, 0.02 % or less of C, 4.5 % or less 
of Si, 5.0 % or less (including 0) of Ni and 
0.2 to 4.0 % of Cu, wherein Cu is left in the 
steel as a component of a solid solution by a 
finishing annealing carried out under suitable 
specific conditions and is precipitated in the 
form of fine particles by an aging treatment. 
The resultant non-oriented magnetic steel 
sheet is free from the deterioration of magnetic 
characteristics and exhibits an improved yield 
stress of a CYS (MPa) represented by the 
following formula: CYS = 180 + 5600 [%C] 
+ 95 [%Si] + 50 [%Mn]+ 37 [%A1] + 435 [%P] 
+ 25 [%Ni] + 22& m wherein d represents an 
average grain diameter (mm) of crystal grains, 
or higher. 

(57) Kfe S»fc«JM#te£B!3£Si * 

mtz<>) % C : 0.02%J*LT. Si : 4.5%fclT\ 
Ni : 5.0%&T (Om) fccfcl/Cu: 
0.2%mJi4.0%JaT$$^-rSfi£^fflifii: 
U tt±ff&&6fCf&LTattlCHi8Cu£ 

lb£<Tf5xe^2F;fl£CYS (MPa) J^± 

IB CYS=180 + 
[%P] +25 [%Ni] +22 d 1/2 tztzL % 
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**5, ^bpj iao xmt £ ttfc^r^ttm^tRtt, ttaMo&R: <t y> &imm$ 

M (IPM:Interior Permanent Magnet) DC <4 >v*— ^f&tf^PE— ? ^Jf^OUTV^So £ 

m&s&kztiz 0 Merman, mm. mMj&mmx&zzb&m&vw 
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ft*>5ic, £vi&mm<D0mm**-f % b^u^s 

238421 iixfc0^k*&©^^Jt«EttWUfc*§* % H^^Olf 

WMB8 62-256917 Si 2. 0~3. 5% t U Ni &5W*Ni 

t Mn © W#0>-£3r*«:i«je> % 650~850t: i v > 5 «k 9 aSfrt"* - 1 

«&HI¥ 6-330255 Si^r*&2. 0-4. 0%iU Nb, Zr, Ti, VOftWft 

#§§Bg 60-238421 ^S&fclfEgfcS^S <fc 5 ft Si ^@S^fcSc*©SSto»as^ 

bte, -OSfia »?#6)tL«flWgW:«^ftffiB5o # 1. 56~l. 60T i^IK{STLT 

#MBg 62-256917 «^Rfc*5»t«^5fe-^W:, ««M*ffi**fc«HgJa«^6lJ: J: 5 

50Hz t&m) a^fc 100Hz ©HSE»c«-e<ofl^*steTi-* £ BBS^fcofc. 

*<Dti^ 62-256917 -^^lC|H^O^l?#P>tL-5ma^f4^tte>^ 

w»*«feW««^o#B«*Do^«ftteT^jSHift< *i^-cv^fe 0 fft^^>, * 
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&4>ft< LTV ^ So VfrU #§SBS 62-256917 -8-^#(D^-e}iM#Srj5U^O^^ 

— *\ #m§¥ 6-330255 ^m^nd.M<D^mx^ ^ mtmuw^mm^Wi^w 

V^3Z&-<T*5<o 

mMmfalZ. Cu Sr^PLfcMt b-C« x #giB§ 62-89816 -^fg^ C 2r 0. 1—1. 0% 

&*3 % (i±±ifmm) ^ittl«l D MLTV^5 0 Cute 

* b_hOTflJ£fc5r££^LTV^o 

L2»U C £ 0. l%WJi^^SJilS«aiP3^^fi^J^^t 3 0-efe 9 % —j&mte 

9-67654 si : l %^~3. 5%^%^ir&te*fammmm-Mm 

£*t-cv^tfs> cus m<Dffimm%m&zM&m*mz-t*L#> s cu^s^o.05%^ 

T\z.mM£ftX\^ 0 

£fc x Ztl£ <0 #.4© Cu <D^m&W?®~r Z>&Mt UT, 4#H!§¥ 8-295936 -5§-<k$gK 

y^^tPi^m^^^m^»S^M-r-5^)fe^|g^^tLTVNSo 
^^jSfe-Cf^ 7*2 7 7?frhmj<^^&jm (Cu:0. 015~0. 2% N Ni :0. 01~0. 5% % 
Cr : 0. 02~0. 2%, Sn : 0. 003~0. 2%m <Dm^^<DM&W&i&l$l-fZ>tMz. y V, 

Nb <D^m&*mfeu ^ouiwt©iisi^ 5 o M m ^_hti-s^ wttmz 
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$ kfcx ^ Si ^#3-C«#MBg 49-83613 -*§^$&K: N Cu : 1 ~ 5 %, Ni : 1 ~ 5 % 

^tmm-mxtuiut^mmm^m^M^t^ mmm&ffirz. tizzy , issg^s 

jSD £3S<fh£ii:5 £V>5 n ^tJ^«#§iBg 60-238421 ^tfM?R:lB«£*L-CV> 
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T#e>*LfeiBjWB*fw«if4, wafts^ic^nrfc^b-eitfefc, (rail) 

(l) 

C :0.02%OT (0%&^tfK 
Si : 4. 5%J^Ts 
Mn: 3%OT, 
Al : 3%£TF, 

P : 0. 5%&LT ( 0 %«r£tp) % 
Ni: 5%ETF (0%«r£t?) fe.fctf 
Cu:0.2%£Lk, 4%«T 
«r£#U PW^Wn^lBsSl-e^Sih^CYS (MPa) Rt^5«a^<0fth,fcjfi5 

is 
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CYS=180 + 5600 [%C] +95 [%Si] +50 [%Mn] +37 [%A1] 

+435 [%P] +25 [%Ni] +22 d "1/2 

tztcU d : %imtL<D3£mm (mm) 

(2) M&%X\ 

C :0.02%£TF (0%^tf) > 
Si : 4. 5%£TF, 
Mn: 3%SXT, 
Al : 3 %SXT. 

P :0.5%^T (0%^tf), 

Ni: 5%£TF (0%£l^tiO *5iU? 

Cu : 0.2%£JLh % 4%&T 

(3) ±|B (1) ^IH^O^-CfcoT, ^^OCu^ftti^^^-eo.2%^Ji, 

(4) ssro-c, 

C :0.02%£TF (0%^ff) N 
Si : 4. 5%£TF> 
Mn : 3 %^T> 
Al : 3 %^T> 

P :0.5%^T (0%?r^tp) % 
Ni: 5%£TF (0%^tf) 
Cu : 0. 2%UJLh > 4%£TF 
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«r*#i-*^rifttt««MWR-c*)oT, tmmz. 5oo°c^x 10 mmombtum&n 

\stz&<0&m&<D®m&±&^ TfEiSl-C^ftS CYS (MPa) £X±X*$>%, tt*>fc% 

IB 

CYS=180 + 5600 [%C] +95 [%Si] +50 [%Mn] +37 [%A1] 

+435 [%P] +25 [%Ni] +22 d "1/2 (=£!) 

fcffU d : M£k%L(D¥i%m.& (mm) 

(5) _b|B (1) (4) <D\,^tlMZ&\,^T y &&mmtVX. £t>\L Zr, V, 

Sb, Siu Ge, B, Ca x #±^75^*5 XTfCo fabm/ofc 1 @]£fcte 2ffi4^±^ % 

Zr *5 itWco^Tte^weti, 0. 1~ 3 

Sb, Sn *5 XX* Ge IC^^Xi^fl^tl 0. 002~0. 5%, 

B, Cafeit^^lgTc^^-oV^Ttt^rtl^O. 001—0. 01% % ^LT 
Co IZloV^Tfi 0. 2~5% 

(cx^i-5^iR]ttmwt£ ((i) - (3) fc&^T\m^^mk<Dmtitcm&mm 



±ib (1) d»e> (5) <D&mmiz.&\,^T, cys sisi^as 

2 T^tbS CTS (MPa) Sl-tX'h 5 <b 0^#«/ti-4i^r|Rjtti9^-CfeoT % £ 

IE 

CTS=5600 [%C] +87 [%Si] +15 [%Mn] +70 [%A1] +430 [%P] 

+37 [%Ni] +22 d -1/2+230 (=£2) 

tctdU d : 1&gkn<D5£mfL& (mm) 

^Jb^^-<fc#^*5J;^ii^^^fe^^^3V^T N Ni fci 0. 5%j^ Ji^-fr 
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(6) wm%t\ 

C : 0. 02%^T ( 0 , 
Si : 4. 5%£*T> 
Mn : 3 %&TFs 
Al : 3 %^Ts 

P :0.5%OT (0%£r^frh 
Ni : 0.5%*^ (0%^t>) *3«tT^ 
Cu:0.2%£JLL % 4%£TF 

^x cu @^M^+ioTO_h{c»bfe^, »itt cu mmaMfatb 4oo<c 
tt<DWLBm?<oi&mgz& io°c/ s ^±i-r-5tt_h(f^#fi^iSL, 

(7) n&%x\ 

C : 0. 02% «T ( 0 %£r££p) , 
Si : 4. 5%^T> 
Mn : 3 %WT> 
Al : 3 %£lTs 

P :0.5%£TF (0%Sr^tf) % 
Ni : 0. 5%£Lk, 5 %£TF*5J:tf 
Cu:0.2%£Lk % 4%£TF 

fcvv-? Cu @^M^+io t C^_h{c»b^ Jft*pn:»ur Cu m&m&frb 400*0 

*:<d'& 4oo < cw_l Q5ox:^T(DmM\zx^^m^m-rm^.^m<Dmtitcm^mM 
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(8) _LfB (6) (7) fcfatt©*ifeK:33V%T, TCu BWj fcftitT, T 

IE 

Ts CC) =3351/ (3.279-log 10 [%Cu]) -273 (^2) 

(9) _hfB (6) ~ (8) <D\t^-ftlit*<Dft&\z.W>Xs 

m^ZffiK £?>K:Zr % V, Sb % Sn, Ge, B, Ca, #±3g55**5 Co 

Zr *5 J; W (roV ^ fi^^tb 0. 1~ 3 % % 

Sb, Sn *5±t^Ge i-OV^^tL^ 0. 002—0. 5%, 

B, Ca*5j;t^#±^55^}coV^Xfi^:tL^tL0.001~0.01%, ^ UT 
Co filoVvCte 0.2—5% 

J&*5. -LIB (6) - (9) <DftW<nm&}*TtE,<D£5\zm^&?LZ>Zk%mteZa 
_blS^ 7 ^jfiritfcfcv ^ Ni *s 5 %J^T ( 0 ttfrhMfflnZ-gts) <o 
#•8% i±±if&miz*stfz> cu m$&m&$z1ttz Ts a>k 4oot:*T?©fflfl;jft-T»®jft3ia[ 

/ s ^_hi-rs^g-cfo x Ni o. 5%fiUi^r*bae>5 n £ itmmxhz. 

do) Sf*%-e. 
c :0.02%WT (o%«r£&)* 
Si : 4. 5%£iT, 
Mn : 3 %^Tx 
Al : 3 %£TF\ 

P :0.5%OT (0%«r£tf), 
Ni:0.5%*^ (0%^tp) *5.fctf 
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Cu:0.2%£Lh, 4%£XT 

&v>-e cu ®m&m+iox;£i±\ctomi,ti^ ^iciLt cu mmmfrtb 4oo<t 
^(Dmm^o^nm^^ ioty s si-kbi-z>j±±i?mm*n~t, tt*>m&RTjm 

(11) «S%T?, 
C : 0.02%^T (0%^tp) N 
Si : 4. 5%£*T, 
Mn: 3%^ 
Al : 3 %SXT. 

P : 0. 5%SXT ( 0 % Sr^-ir ) , 
Ni : 0. 5%£* Jb 5 %^T*5 «£ 
Cu : 0.2%^_h4 %^T 

cu mmm+io < t&±fci)nmLtz^ ^mizmvx c u s*«sri>e> 4oo<c 
•£-?<DmA®x~<D%}nmm% i t/ s ^ti-^ft-h^^^^-r, ttibmztmzm 

(12) ±E(10)*fcf4(H) fcfSttO^lCfc^T, rcu left* 

IE 

Ts OC) =3351/ (3.279-log 10 [%Cu]) -273 (^ 2 ) 

(13) _hf5 (11) ~ (12) <D\,^i?tlfr<Dj?m~&\,^X, 

m^yZftK i^CZr, V, Sb, Sn, Ge, B, Ca, #±^7^*5 J: U? Co tf^iiA, 
fcl«3;fctt:2@£Lh£, 
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zr & xxtviio^xtttiseti, o. i~ 3 % x 

Sb, Sn &£T? Ge fcov^Ji^fr^ft 0. 002~0. 5%. 

B, Ca^3«t•a«#•±IS7^m^^:ov^T{i^rt^^^^0.001~0.01% v ^UT 

Co^oV^-Cfi0.2~5% 

±m do) - (is) o&wn, ®-m<d (6) ~ o) <Dmw\z.%i\,^x, m$m 

H&azB© (4) <Dmwi>, mmo&Mfcm^K h(ox$>z 0 

m i i. 8%si-i. ocu m\^±\-fmm, sooner s ^^©^^a^js L7u§ 
^ocuffimmm**. fe^&T&mm&mffiM (stem) oBtw^^Tig^ufc^o-e 

C : 0. 02°MT 

mmtZo mmizte 0. oi%£tk fesvMio.oo5%^T, 0.003%^ 

T£1~5 d t X, mumble J: 0 tei~<5 ^ i 5 0 
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Si : 4. 5%£TF 

#fl#s*U<fc5fc«> % j e»^4tt4.5%^T^JRS-f-5o $fem»3aK:f±, 4.2% 

Mn: 3%£TF 

©S&flsSrfcfcfcl-fcJtK Je©^TftSr3%£JlTfcfW|R"t-5. &*5> 3.0%OTtLTt 
«tV>. £9&£Ll^Mni«:2.0%jaTT;fe>5o *e»fc«RtlCt± % 0.1-1.5%, 

SBatett i. 0%OT-cfc3 o 

Al : 3 %SJLT 

Al f±, RMI: LtfglT-fc 0 „ tt*Boafc»dt>^T»fc5^ 0* U< tt 0. 5ppm 

4.o%^T-Cfci^^^JEM'l4<^^STfa®l : T'f^^v^(DT^ MiWWb&I 
**5, 2.5%£tTi1~^ 
P : 0. 5%«T 

sb-cfo o , l < o. oi%^±T^^$-fr5 0 -ir, m$tFsm*mmz a^mt 
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itj^ttj**. p*fir*Hto.oi%*j(rei>Av^ p^RTtg 

urg-msfc^ ®Btx@t?<DiK!; v«BgT?i£^5 0 p<d^*« s my 
o.oo5%^-efeSo 

Cu : 0.2%£LL4%£TF 

#ftt><£T"f-*o tot, Cu o^*fio.2%^_b^o4%^Tt1-?>o fc*3 % _hR 
4. o%J^T i UT t> J: v >. 

*mfc±EBfiti* 3. 0%«TT*fe 9 % $ blc^^f* 2. 0%£lTtfe5 o 
Ni : 5 %£TF 

mm, t < km si ^^rfllfc*sv^■cB: cu mmvo<Dffo&&{&m£ti j $>T < , 

5fc Ou*fW*©fe*:{k*s«i«!I$*t % B^^ffi§£tefg£lg&5^m&#^<&5 0 ^ 
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%V>±m*5%birZ, 0 tt;^±mm-i5. 0%b LTt) «£Vn 0 i £ JiRSffite 3. 5% 

^#tt<D^S5c^i LTfclbtLS Zr, V, Sb, Sn, Ge, B, Ca, #±^td* 

Zr, VICOV^«0.1~3%, Sfcte 0.1-3.0%, £f£ b < {4 0. 1-2. 0% 
Sb, Sn, Gete-O^TIS 

0. 002—0. 5%, 0* b < f4 0. 005-0. 5%, £ £ U < ft 0. 01—0. 5% 

B, Ca, #J;t^±»^JffK:o^-03: 0.001—0. 01%, 
Co {COV^Tf* 0. 2— 5 %, 0.2—5.0%, £f * L < ft: 0. 2— 3. 0% 

1rZ>£5ti:m&X*t±, ±m^-^b Co £&V^c, Zr, V, Sb, Sn, Ge, B, Ca, 

33 £ T*%i±m7nmfr bums 1 @£ fc« 2 t -t- -5 ^ b a>m^ uv \ m ^m^i. 

#^43fi:#7cm^cM-rso-cc(D^^-7 p {^p^r%^v^^^ i < (^icSf^e^^ 
±lB7C^<Dffe« N Fe (m &£Zf^W&K)?Fm%)b1rZ ) Zbi>m&V\<\ ^*m&) 

^mwb ur^s^it^Nf^ m^(Dm.&frhzfr^timo.oi%uTb-tz>^ bam 
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i<KSB38tias^fc QiS WtWfefcjftfcU fr±lfmffi.lz$>l? Z%LrfLM*nM 
£ ©fltO^ Rfi6fi&^*Bft £ UTtt, O&tbV, mo. 02%UT. 0£ U < {4 0. 01%^ 
Nb, Ti % CrfcoVvCtt, -taviEh,, 0. 005%UTFs j^J 0. 005%^Ts ft) 0. 5%&TF t 

j&m<o%m:h-rz><o\z, w^m^mm^fsmxh^xh^m^xh^xh, x 
*ma*mjjfa&wm&ix'tbz> 0 mxm&mmmm-t-mz-?^^ hmsmxh 
z>*h m^cDM^mm^v^ b<iz^tih<DmMitm^\ ^mxh^m^mm 
ftxn&fcm&.mmvnm^mxhztK mm<m^m^f>m^L,< , w 15/50 -c 

&s m&ymxftteLx^zzbi)m^xhz> 0 ^^mm\z.mz.nM^cumm^ 
^ft^^febxv^i, ^<Dmmm< ^oxfrhm^m^t-r^m^^x^K, 
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01**0.20-4.0%, ^b<tt0.5~2.0%ib^-e« % 500 < Cxi0hO^»#5 

cu *f a***, zwmmx* 0. 2%£*_t^o 2 %£OF#f a ^ £ as-e 

ft&s Cu KloV vCii, LV^}&I;te 0. 2%^±, J; 9 u < 

0.4%^+:, 0.5%£Ui, fc3V^0.8%£Ure£>3 o Cu @^40_bPm, MigS 

^^^o cu i^rs-efc 9 , cu mmmz, c u uv v. 

±IBCD»B Cu <Z>#f J±J<D*i!f;f|| N < t % lOOMPa, JUfrft^T-J* 150MPa m^P£ 
^J&^J:#£#<5::£#-T?#5 0 #{C Cu *tfs*ig-efc5 0.5%£Lh, 2.0%£AT\ 
5 VMS, L < Cu fttf 0. 7%^_h(«t V) 0. 8%^_h) s 2. 0%OT-?fc5 £ 

# Kite, P${£j&;ft<E>_k#te: 150MPa 250MPa ri^t*# 5„ 

i©i5«±#©^ ^^Wl^m^YS (MPa) « N TfE^lT^*^ 

cys e*_h t fe § n t uv \ 

CYS=180 + 5600 [%C] +95 [%Si] +50 [%Mn] +37 [%A1] 

+435 [%P] +25 [%Ni] +22 d -V2 

*L3*ciRV"</MC — ^(c^j 20-^j 200 u m^fcSo 

fc, IftfbK: J: t> » Mx«n-^^i^ofc^^«{^^^ 450MPa « 
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m<vm±) fc#*>fcv\ Wx.t£8ti&<D&fcW:\*W 15/S0 x* l.5WAg JUT, Cu JW«^* 
«\ 0!l;fctf 3 %^To^a-fi l. ow/kg EJtTfcS* 5„ 

?l§g^$TS (MPa) #TiB5£3-e^£*l£ CTS J^Uit fcj&SM* LV>„ 

CTS=5600 [%C] +87 [%Si] +15 [%Mn] +70 [%A1] +430 [%P] 
+37 [%Ni] +22 d -1/2+230 (^3) 

Wi&]&4k&tif£\,\ — -% s mM(D^feffimfo\z.mMk£ftx\,^£\,^ cuffimmz, 
t cu 5 ^ t tmmx-hz> a 

W_h 20 n mUT<D Cu $rtH^ x ^SflC^T* 0. 2%Sl± 2 %£*T, JHf£ 

*£rtf£^l±|LTV^r£-efc5 0 ^*5 X £f£L<8: Cu ^ffi^^-iH'X^ 20n 

-ASK Cu #rffl^^W:*:§r < ^vo^^lM ;WJx$ tf*U£, ^^fTO 

*S5fc^bT^7?#*fraa^o»*uv^Htt#b 0.2%^, #SJ2%«T-C&*. * 
fc, *©¥^^^Xas«ffiSKaT?J|&lnm£l±'Tf*vo % ^ 20nm^T-Cfc-5 ^ 
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fTO¥^£& $J 400 x 400 (nm) 2 7&gm&mM : ?-mffitM&. 

{c#MOrc^/w^-^t{r^x^^^g (edx) (£J:5##f-Wofc 0 ± 

)iam^|ftM4)^W?«M39SBItK:««fe» % *Uftm®J|E*H: 30nm~60nm 
^fc*QsaSrifc UfcWSrffiv^fc, Hlfcl. 8%Si *5 ZTfi 1. 0%Cu «r^*Tf S*3SW©l^ 
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*fc N mftmk&<D*mm$m<omft&t!Y s (MPa) « % tfr^oi^^Tia^i-e 

CYS &Jh*C*><5 

CYS=180 + 5600 [%C] +95 [%Si] +50 [%Mn] +37 [%A1] 

+435 [%P] +25 [%Ni] +22d-V2 

l^*«^blfeO*5IW«ltR©§|!S5l$TS (MPa) f± N W3£0D<fc5K:TfS5£3T? 

CTS=5600 [%C] +87 [%Si] +15 [%Mn] +70 [%A1] +430 [%P] 
+37 [%Ni] +22 d "1/2+230 G£3) 

»±3ftan©^ftffla£j!: j: •? 9 ^ t -+5 0 $1* 7 toman* sftt -tzm&tiKom 
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m-m v mM&m 6oo«c£tf, l < tm 5sox:&.Tb-tz>3?m&hz> 0 
M<D%mk L-c«. mm, mm^M^xcDm^mM<D^x\ mmmm, • ™ 

«j 5<c/s &L_txi%n-tZo 
zzx% cu ttfi, m*<D cu ^^^(c^ia^i-^M^^^^ 

— &ik UT % "Das Kupfer-Eisen Zustandsdiagramm im Bereich von 650 bis 1050*0 
(G. Salje*3j;T^M. Feller-Kniepmeier ; Z. Metallkde, 69 (1978) pp. 167~169) 

Ts CC) =3351/ (3.279-log 10 [%Cu]) -273 (^ 2 ) 

Tsfrb 400^C*^COF^^5t:/s^JiT^Sp-rtt«J;V^ [%Cu] 

mm, mm um&m 6ootot> m$ l < am ssor^Ti: vtcjcx^mommtim 
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&±t-rz> 0 mmm& (c u 10*0 *i-efcsi#, mum^mE-r 

cu mm^tthif mm,<Dwmxm vit c u mmmm&^\z.-mm-ttt#> 

tit&immzti, *tmmcuS:&fc-b7F+ftbt!:2><Dx\ rnhmMzzzmmtm 

Ts Sr/Bv^^i t>-C#5 0 

Ts (°C) =3351/ {3.279-log 10 [%Cu]} -273 (^2) 

Cu (D^m b Ni Lft V Jt^falCte Ni ^HfcJS 0. 5%*fflr ( 0 £^tf) 

<DmR<DW&. tk±tfmffl.<D%mmmz.te\,^x, c u co*fiii%»ji-5fc«)^ c u 

mm (*fc»4Ts) ^b 400^*l?(D^^10 o C/s^Ji©^-e^SIIi-S o fc*5, i&Sife 
ffi&*>^f* 900^C (VvffrLaMSV v*f) 400t;©ffl&JfleK::j3V v£ t>*& 10*0/ s £LL 

Cu £ i fcfc Ni & 0. 5%£UrgftT -hlBM^^*5^-5M3S*«^ 
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Lfc^oT, Ni £ 0.5%Rh^i-3«Ej£lC*3V^i3\ tt-hWJffittO^iamK: 
*5V^, Cu Ts) 400 c C*TOMS^©M5tS^ l'C/s £A 

-hJCfPJPR-f-So ft*5* jM^fiiS&fcSVMiQOtfC tfgi^) j&»fe400t;©iBasigsK:*3i , >T 

i xy s &jxwmmm t-rzzt a>m*. uv % 
i^tem<Dmj&izt>£z>fi^—f&mznm so^c/s ot^-ts uv\ 
tams&j 65oic^_h, m * u < 7oo°c^ ± as#]§= uv n„ -jf, mmiBM 

&m 1150°C^jgx 5 £ , fc ft «9 »f - b^-T < ft 9 , * fc§J$Ki£®<75 

• m^u^ 5 m&£it&±% < 45©t? % *©±r»*& ii5o«ci-r5- turn 
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^rbT, »*U<I4, 'Pt£< t-h 5oo<ct 10h©B#^fc*&3fcJ;9 % Mt&<D CYS 

(5£D *fcf± cts (^2) <om£x±<D%tm*mt>ti, mm^T^p^mwL^m 

*3S W^flWEtt r oWtlillMt^fi < (±itt Si U 0. 3%Si 

O^§-£-Tf5&200MPa N 3. 5?4Si (D^^j 450MPa) T$> 9 , fT*>^#tt^tLTV^So 

Tfc#fc, «i^ ! Strfi 1 9X@^iPi-Si«tv\ 

Bt^sifc&^Tji, iiBTffiaiteffiv^ 5oo°c • 10 $fm<D%m3kmz.m.fcGrf t 

CYS (5£l) fcSVMiCTS (5£2) J2JLh©3ft£&:»a i £ *ST# 3„ 

Hf»Sf3\ $J 400TC£t±«& 650 o C^TOS^T^T5o 400 , C5|3i»©»£- 

Btt. «&46tfCfiUb, **)600 c COTT£>S o fc*5 % »^^^^«^3S5fi^ic:t>^# 
£, 20s £l±ffi 1000 h£TF, «F^b<«^lOmin~jKjlOOOh^0agTfeS„ 
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CD^Ki U 500t:T?#£rJfcofc„ 

-OfiM^^r, ^jEM^J; 9 ft«Jf: 0. 5mm O^M^i: bfc<Dt>> * 1 fcSrf $3 
^#(CTtt-htf^EUfc 0 ^t<Dm, 7&2X^m&ftZ> Ts 400^3:^0^1^ 
W20lC/si:lfc o fc*5 % 900<C (^Na8, 10 te*S\t*X]*jftffimM) 400°CO 

O^T\ ttflWRHl SOtfCtCT 10hO^j^S^Ufe©*, % B#^S^<DJHH££, 
$3»W 15/50 (2) *5 ± Tf&W&ti YS (2) fc J; V) fFffi $ ?, LfcWfl 

U ^**^>'WtifeK:.fc!K jis C 2550 tel^o Tittfc, Sfc, fi-fegitttW: 
«4E*»e>y>^W|- 20mm 30mm) £r*T*>8£< <b t) jfc$as 30jum £ 

\i^\Wm. if n 5/ K*b*-K : lOmm/^) lCT»JfeU *©«TOUT 

\m&<otimm&im*L <o , m-r€z> kj£^m^mwm&<nffim®m=?- comm. 
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&mmt & m&mm<D&mm&& 3o~6o n hk^isb t &z <t 5 ^ ufc„ r r 

400nmX400nm<OBfrfc»fc£TteoVVT\ M»3Slc: J; <9 CuWttMfoOJ&^TO&fT 
£*t£> ©fF 4iliiJI$&$r& 2 ic^1- 0 
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Sb: 0.02 
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^ 2 





nm 




n 




CYS 










No 


d 




\ YS 
(1) 


W 15/50 
(1) 




YS 
(2) 


WlC/Sn 
10/ DU 

(2) 


AYS 


AW 










(mm) 


05EJ) 


(hfaa) 






<Mpa) 


(W/kg) 


<2> 
-(0 


(2) 
-(D 


(vol$ 


(nm) 




1 
2 
3 
4 
5 
6 
7 


0. 10 
0. 10 
0. 10 
0. 10 
0. 10 
0. 10 

o. 10 


83 
81 
89 
92 
86 
80 
65 


385 
365 
370 
370 
374 
370 
412 


2.7 
2.5 
2.5 
2.5 
2.4 
2.3 
3.8 


520 
520 
520 
520 
520 
520 
520 


420 
520 
612 
620 
608 
522 
440 
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2.6 
2.7 
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2.6 
2.6 
" 4.5 
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155 
242 
250 
234 
152 

28 
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0.7 


0. 02 
0. 20 

0. 41 
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427 
850 


6. 1 
2.2 
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1. 34 
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18 


mm 
mm 


10 
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0. 03 
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28 


206 
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69 
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85 
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470 
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2.3 
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623 
728 
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670 
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780 
680 


2.8 
2. 3 
2.7 
2.6 
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215 
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0. 5 
0. 3 
0. 3 
0.4 


1 20 
1 10 

X. XV/ 

1. 25 
0. 90 


19 
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15 
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mm 
mm 
mm 
mm 


16 
17 
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21 
22 
23 
24 
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0. 10 
0. 10 
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0. 10 
0. 10 
0. 10 
0. 10 


73 
69 

27 J. 

93 
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80 
93 
85 
78 


468 
450 

Of I 

360 
360 
365 
354 
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409 


2.3 
2.3 

O A 
Z. 4: 

2.4 
2.3 
2.5 
2.5 
2.5 
2.3 
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ozO 
520 
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520 
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520 
520 
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615 
618 
621 
612 
615 
613 
605 
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2.5 
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2.5 
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261 
252 
250 
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235 
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0. 1 
0.3 
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0.2 


1. 00 
1. 10 
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7 

8 

9 
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3. 1 
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3.3 
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mm 
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180 
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mm 
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0. 10 
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3. 1 


520 
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3.4 


193 


0.3 


0. 65 


8 


mm 



fc «5 , 3i1tmm&<V£4km* 0. 5W/kg UTX^otz 0 
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mfcttU Cu«rK£/,if^#UfeV\ &Si)&&%k<Dft%m (tt&M : No. 10) *3 
iOT Si OttRfll : No. 11) ^^a^tetb^tXTXD, 

800°CX 5 h <Dmmfamffi,%M U ^(O^k, 1 H^Sfe^,}; Vmmo. 35mm 
*l£ Ts 4ooic$;-C0>|Hj WW*J15Sl£T?feS 0 

*3faiu^^^HW ls/50 *3 «fc tlWfcffaS^j YS (MPa) % £ Hm^ft«BS»© Cu #rtti^«D#ftfcl 



Cu SraS»BL*V^*«lb, d (Jtttfcl : No. 10, 19) Tftt, ftftfc 
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tt-h«|ffimjP^{gi-#^#^ (JfcWJ : No. 1, 11) fi N Cu o@ 

**v\ it±tf^^ii^^ii-r^s^a- 0**00 : no. 4, u) cu 
i^aftffljfdstei-^fa*^ Ofctfc0!i:No. 5, 15) cu t ttii^^+5> 

-eflE3ft**S#*Ci:dS-C#i*, *8&fi&#i*"*-r5»£' (Jfc«0lj : No. 9 % 18) {Ctt, 



* 3 



#3 


JE&^I&eSc (mass%) 


Ts 

CO 
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Si 


Mn 


Al 


P 


Ni 


Cu 




a 
b 
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Si : 3 %, Mn : 0. 2%*5 Al : 0. 3% UT, Cu 33 ±t*Ni ^*£r^ 

#^7^(cmPflJEM^bT=Kff 2. 0mm t U SStfCC^fcBlofc. oV^«#fc, 
lOOOrT 300s ©|Ra|E«*Mfi«:lfeU £ Ts 0£2 (31 J; 5) 400"C 

*T?©W©W?fri*K£&j&s 20 { C/s £ fcs J: 5^*PUfc 0 

^©^, wtmf£ ib T*izi±±tf mm o. 35mm ®«i§:ifofc 0 $ e, 950^^ 30s 

*&Hftfiti^©{t±^i8S§6IIS:JfiU/t<Dt>, 900^—400^0© ifi^^i?©i££P5&g £• 6 'C/s 
©i&#-T?^Ufc 0 &33, Tsj5^400 < C©F^O}^ipitS^^(SIIlC-Cfeofc 0 

m\*$mmi tmm-v%>z> 0 * 5 izm-t- 0 

"*-fcfc>?>, @^&te£flLEUfc#!]£ LT, ^6iC/TtJ;5^ 0:0.002%, Si: 
4. 5%, Mn : 0. 2%, P : 0. 01%, Al : 0. 6%, W : 1. 0%*5 Mo : 1. 0%<Sr^, m 
U&&&£Xfi^WM^M®frbt£ZmX77&?&m&M U 900^"^ 30 s oilSi 
$fo%ftotzMs 40(rc"T?fiMJEE3aSUT 0. 35mm Jf^-fcfc-hlf , 950^CX30 s CDftJblf 

0. 005%, Si : 3 %, Mn : 0. 2%, P : 0. 05%*5,fctf Ni : 4. 5%&^, «fc 
tPF"BTjS3F«l4fe*»6,*5fllSrf|!i|IBflEaE L^^f»ltto. 35mm /Pi Ufc©*>, 
SOOrX' 30 s ©tt_ttf $$&£r?To fc 0 
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Si : 3. 2%, Mn : 0. 2%, P : 0. 02%, Al : 0. 65%, N : 0. 003%, Nb : 0. 018%fc«i;t) J 
Zr: 0.022%^^, &&&&& ^XPF^O^FmUbt^h gtNIJE3§$ 0. 35mn 
JPJC^^jEM U 750^X30 s Ott_b«#fi$:MUfc 0 
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SMS lb. ^-^«Bift4r^rf-*Jt:«EM-CfeS«4ENo. 1 is 

i«3iMW-ei,5«No. 15—17 ttiMtxh, ±mt£4gm&$>z>w*i%m$m 

#»WteJ:5aWRtt:, Cu Waj%ttl^ih,fcfl39Ws-e 0. 3~l. 9%, Wfit^Ff-^f Xtt 

miz£z>fev®km<DmimMttL isoMPa £Lh-?& 9 , *fcttSHfira>#ffc*w: 1. ow/k g ^ 

& 5 bfcJt» C*3«t t££91fl! J UNHJEESEtc J: !9 4EJ¥ 2. 0mm t U o v ^ 
iooo°cr- 3oos ©SteEfcjfctt&jfeLfcJK «W3fciw©*#-ci&iPU HifeMtf 

\Ztt±tffflf. 0. 35mm ©JfrWUBEfiUMfofc. £ h |E % QSO'CfcT 30 s 3 ffc_h 

u 9oo < c~4oo e coi&s^To2p^sp5i^^^ 7 ^-rm* <D0kW\z.m 



WO 2004/050934 ^ ^CT/JP2003/015462 



35 



m 7 









im 


cty s ) 


fa® 


CC) 








TS- 
CTS 
(MPa) 




Na 


IP 


MS 
CC) 


mm 

(s) 


»@ 
(mm) 


W 15/50 

Mkg) 


B 50 
(T) 


TS 


CTS 
vjVlray 




18 




950 


60 


24 


0. 083 


550 


2.74 j 


1. 68 


812 


629 


184 


WM\ 


19 


C 


950 


60 


15 


0. 085 


550 


2. 86 


1.68 


785 


628 


158 




20 




950 


60 


6 


0. 081 


550 


3. 46 


1.68 


657 


630 


27 




21 




950 


60 


0.5 


0. 090 


550 


3. 47 


1.67 


601 


626 


-26 


mm 


22 




950 


60 


24 


0. 094 


550 


2. 25 


1.7 


970 


709 


262 


wm\ 


23 




950 


60 


15 


0. 092 


550 


2. 25 


1. 69 


945 


709 


236 


mm 


24 


J 


950 


60 


6 


0. 089 


550 


2. 25 


1.7 


920 


711 


210 




25 




950 


60 


2 


0. 085 


550 


2. 39 


1.7 


896 


712 


184 




26 




950 


60 


0.5 


0. 088 


550 
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#3BWK:J:$flttRW\ Cu ffim®m^~rtlh#ffi^-V 0.6~1.2%, XtZ 
lc ± «MH^3S^©Jj9ip4f± i90MPa ^_ht?fe t> > *fc«»0W>#ffc;*tt 0. 4W/kg 

r> mm 2. omm t u i^-emmm&it.nm 9 fc^-r^-e 300s ©iiw^iu 

$ It, * 9 Oia^T- 30 s ^^^©tLLtf tttt^ft U 900 C C~400 < CO^^X- 
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9 fom-rmm-v io h <ntim*m%n vtc a 

*3PJKJ;Si§fc03:, Cu Wl±J%fiV^tL^#^^-e 0.2~0.9°/ o> TOft^tMXte 
3~8 nm<DfSfflf*|T-&o7t 0 ^bO^STm, ^^Ttl^MmitiUm 

\C i 5 ^^S©ii*P*« 150MPa JiT'fe , £ fcitfc»#:0^fc;ftte 0. 4W/kg 



m 8 
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it & <d m m 



i . 9:ik%-?, 

C : 0.02%«T (0%^tf), 
Si : 4. 5%&T^ 
Mn : 3 %£XT, 
Al : 3 %£tT> 

P :0.5%£TF <0%«r&tr) % 

Ni : 5%fiTF (0%^tp) SsJitJt 

Cu : 0. 2%£Lh N 4 %£TF 

«r£*U »t^S^jdSTflES:n?^$4xSCYS (MPa) «Jb^S>S&#|fite««fl*Ko 

IB 

CYS=180 + 5600 [%C] +95 [%Si] +50 [%Mn] +37 [%A1] 

+435 [%P] +25 [%Ni] +22 d -1/2 (=& 1 ) 

fetch, d (nun) 

2 . 

C :0.02%«T (0 
Si : 4. 5%£*T. 
Mn : 3 %«T, 
Al : 3 %£*T> 

P :0.5%£iT (0%3rg-tf)> 
Ni: 5%SXT (0%Sr&tp) *5j;T^ 
Cu : 0.2%£LL, 4%£TF 

fc-£*TU «S*«krt<ocu*fffi«b^#3Bl|*-t?o.2%J2JlJi % 2%£TF#&U 



3 . JC*%-?, 
C : 0. 02%£AT ( 0 % «r£*f ) , 
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Si : 4. 5%£IT, 
Mn : 3 %^T, ' 
Al : 3 %^T> 

P :0.5%£XT (0%£"^ti>h 

Ni: 5%OT (0 fe«tt>* 

Cu : 0. 2%£*_t > 4%SXT 

Sr^ru ^^^Tfa^;i-e^$^^cYs (MPa) £Lk-?fc9, 



fc^U d : %g£km.<D¥-%)%Lm (mm) 

4. 

C :0.02%£TF (0%£^trK 
Si : 4. 5%^Tx 
Mn: 3%£*T, 
Al : 3 %&LT. 

P : 0.5%£TF (0%^tp), 

Ni: 5%£TF (0%«r&tr) *5«fctf 

Cu : 0. 2%£Lk > 4 %£AT 

\.iz.m.<D&m!&(omft&t)&. tie^i-^^scys (yp a ) ELh-e&sas^fcjta:* 

IB 

CYS=180 + 5600 [%C] +95 [%Si] +50 [%Mn] +37 [%A1] 

+435 [%P] +25 [%Ni] +22 d "1/2 (1) 




(5*1) 
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fcfcu d : mmtLtomtmm. (mm) 

5. mm.l~~A<D^imMzte^X^ ^«tlT, £bi£Z r> V, Sb, Sn, 
Ge N B, Ca, #±^7^*5 SiTf Co fahMAstc 1 «f=fcf* 2 «£JLh£\ 

Zr 33 itfvtco^Tfci-etL-eft, 0. l— 3 % N 

Sb % SnfeitKGe fcoV^tt-tfl^Jh, 0. 002~0. 5% N 

B, Ca^3j;T^^r±IS7C^tCOVNT«^:^tt0.001~0.01% % ^Lt 
Co fsiov^teo. 2~5% 

6 . WA%X\ 

C : 0.02%^T (0%^tp), 
Si : 4. 5%£TJ^ 
Mn : 3 %SIT, 
Al : 3 %SXT. 

P : 0. 5%£XT ( 0 % Srgtf) x 

Ni : 0.5%*jft (0%«rgtf) *5£tf 

Cu : 0. 2%£LL, 4%£*T 

o ors-c^ias^-eo^ipitfisr 1 ot/ s «_ht-r5tt_h^ifi^jfeu, 

7. ft%t\ 

C :0.02%£TF (0%£r^tpK 
Si : 4. 5%^Tx 
Mn : 3 %UT, 
Al : 3 %£*Tx 
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P : 0. 5%^T ( 0 % % 

Ni : O.S%mH feit; 

Cu:0.2%£U; % 4%£TF 

la 

Ts OC) =3351/ (3.279-log 10 [%Cu]) -273 (^2) 

8 . «*%-e % 

C : 0. 02%£XT ( 0 %«r£tf ) % 
Si : 4. 5%&LT, 
Mn: 3%£TF> 
Al : 3 %^T^ 

P :0.5%^T (0%^tp) % 
Ni : 0. 5%£*_b, 5 %£TF*5.fct* 
Cu : 0. 2%«_b % 4 %«T 

S3fc6rifc 0 

9 . «a%-c% 



J 
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C : 0. 02%£*T ( 0 % % 
Si : 4. 5%£TF, 
Mn: 3%^T^ 
Al : 3 %UT, 

P : O.B%&TF (0%«r&t?K 
Ni:0.5%£Lk x 5%£TF*3±0? 
Cu : 0. 2%£A_b, 4 %£TF 

IB 

Ts (°C) =3351/ (3.279-log 10 [%Cu]) -273 (^2) 

10. m*5zf& y ££>}£Zr, V, Sb % Sn % G e> B, Ca, ^±^70^*3 <fc Co 

t>mAst* i mt. ten 2 

Zr £tf VfcoV^Tte^tve^vO. i~ 3 % H 

Sb, Sn:fc£tfGe {CoV^«:-&JVe*L 0. 002—0. 5%, 

B, Cafeit^^^TC^lCoV^ti^tL^ixO.OOl—O.Ol 0 /^ ^LT 

Co (COV^-CfiO. 2—5% 

1 1 . SC*%T\ 
C : 0. 02%£AT ( 0 , 
Si : 4. 5%^T, 
Mn : 3 
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Al : 3 %SIT. 

P : 0. 5%^T ( 0 % £#tf ) x 
Ni:0.5%*$| (0%^tp) *5«t^ 
Cu : 0. 2%SX± S 4 %£XT 

1 2 . «4%T\ 
C : 0. 02%£*T ( 0 % Sr-g-tf) , 
Si : 4. 5%£XT, 
Mn: 3%£*T X 
Al : 3 %SIT. 

P : 0. 5%^T ( 0 %Sr-^tf) , 

Ni : 0.5%*^ (0 *3itJ« 

Cu : 0. 2%SJL±, 4 %&TF 

13 

Ts OC) =3351/ (3.279-log 10 [%Cu]) -273 (^2) 



1 3 . 

C : 0.02%£TF (0%^tP>, 
Si : 4. 5%^T> 
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Mn: 3%£kTs 
Al : 3 %&LT. 

P : o.5%£TF (o%$r£trh 

Ni : 0. 5%£JLh N 5 %£IT&£T* 



Cu : 0. 2%£lLh % 4 %^T 

i 4 . 

C : 0. 02%£*T ( 0 , 
Si : 4. 5%^T % 
Mn: 3%£TK 
Al : 3 %£*T\ 

P : 0. 5%J^T ( 0 % «r£tf ) , 
Ni : 0. 5%£*_h % 5 %.£*T*5 £tf 
Cu:0.2%£JLk» 4%«T 



IB 

Ts OC) =3351/ (3.279-log 10 [%Cu]) -273 



15. mX77#y ££>KZr % V, Sb, Sn, Ge, B, Ca, #±8155**5 X T>* Co fa 
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